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(54) ION CONDUCTING FILM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a solid 
electrolyte film capable of stably securing an ion 
conducting channel and showing excellent ion 
conductivity even if an inexpensive polymer is used, by 
further precisely controlling disposition of an ion 
conducting portion in the film. 

SOLUTION: This ion conducting film has the following 
features. (1) This film is composed of a polymer segment 
(A) having an ion conductive component and a polymer 
segment (B) having no ion conductive component. (2) 
The specific volume of A to B is 30/70-40/60. (3) A and B 
form a microphase separation structure in the film. (4) 
The channel comprising A is disposed so that it passes 
through the film. 
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CLAIMS 
[Claim(s)] 

[Claim It is a film which consists of a polymer segment (A) which has an ion-conductive 
ingredient, and a polymer segment (B) which does not have an ion-conductive ingredient, (2) 
An ion conduction film which carries out the feature of that volume ratios of A and B are 30 / 70 
- 40/80, that A and B form micro phase separation structure in (3) this films, and being made to 
arrange so that a channel which consists of (4) A may penetrate a film. 
[Claim 2]The ion conduction film according to claim 1 being the block copolymer in which A 
and B are carrying out the covalent bond, 

[Claim 3]this block copolymer (C) -- and - this -- it being a film which consists of a mixture of 
homopolymer A which consists of the same monomer component as A, and, The ion 
conduction film according to claim 2 making arrange so that a channel which ratios of the sum 
of volume of A and A to volume of B are 30 / 70 - 40/60, and A and B form micro phase 
separation structure in this film, and consists of A may penetrate a film. 
[Claim 4]The ion conduction film according to claim 3, wherein a degree of polymerization of 
this homopolymer A does not exceed a degree of polymerization of A blocks in this block 
copolymer (C). 

[Claim 5]The ion conduction film according to claim 2 to 4 which this block copolymer (C) is 
poly (styrene (ethylene-propylene)-styrene) triblock copolymer, and is characterized by 
sulfonating more than 30 mol % of a styrene unit. 

[Claim 6]Block copolymer which comes to sulfonate more than 30 mol % of a styrene unit of 
poly (styrene (ethylene-propylene)-styrene) triblock copolymer, The ion conduction film 
according to claim 3 to 5 which consists of a biend of polystyrene in which more than 30 mol % 
of a styrene unit was sulfonated. 

[Claim 7]The ion conduction film according to claim 1 to 6 which is a solvent alternative to a 
polymer segment which has an ion-conductive ingredient, and is characterized by carrying out 
the cast from a solvent in which the boiling point contains a not less than 80 ** solvent as an 
ingredient. 



[Translation done.] 



http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http://www4,ipdl.inpit.go.j... 9/21/2009 



JP,2003-142125,A [DETAILED DESCRIPTION] 



Page 1 of 1 3 



* NOTICES * 

JPO and INPST are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the invention] 
[0001] 

[Field of the InventionJThis invention relates to the solid-electrolyte membrane used suitably for 

especially a fuel cell about a solid-electrolyte membrane. 

[0002] 

[Description of the Prior ArfjA fuel ceil comprises a solid-electrolyte membrane fundamentally 
pinched by two catalyzer electrodes and electrodes. Hydrogen which is fuel is ionized by one 
electrode, and after this hydrogen ion diffuses the inside of a solid-electrolyte membrane, it is 
combined with oxygen by the electrode of another side. If two electrodes are connected in the 
external circuit at this time, current will flow and electric power will be supplied to an external 
circuit. A solid-electrolyte membrane is bearing here the function which isolates hydrogen and 
oxygen of fuel gas physically, and intercepts electron flow at the same time it diffuses a 
hydrogen ion. 

[G0G3JAs such a solid-eiectroiyte membrane, a perfluoro sulfonic acid film like the Nafion film of 
Du Pont is used widely. In the Nafion film, as shown in literature Gierke, T.D.;Munn, 
G.E.;Wilson, F.C.;J.Polym.Sci.1981, and 19 and 1687, for example, In the matrix which 
consists of polytetrafluoroethylenes (PTFE), a hydrophilic channel (ion conduction channel) 
with a size of about several nanometers penetrates a film, and exists, and it is supposed that a 
hydrogen ion will be spread through the aforementioned channel. It is said that a PTFE matrix 
is required in order to hold a film stably. However, perfluoro polymer is dramatically expensive, 
and it is mechanically [ more cheaply ] stable, and has looked forward to the material in which 
the ion conductivity outstanding as a solid-electrolyte membrane moreover is shown. 
[0004]To ion conduction, it is thought that the channel structure which an ion-conductive 
ingredient forms in a film is very important. Although ion conduction is explained by the 
percolation of the part (ion conduction part) which can diffuse the hydrogen ion currently 
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distributed in proton conducting membrane in literature Edmondson, C.A.;ADReport 2000, and 
18, The spacial configuration of the ion conduction part in the film from the viewpoint that ion 
conducts through a channel becomes important. The purpose of this invention is to obtain the 
solid-electrolyte membrane which shows the outstanding ion conductivity by controlling the 
spacial configuration of the ion conduction part in a film. 

[0005]lf two or more kinds of block copolymer which immiscible polymer (block chain) carries 
out a covalent bond mutually, and forms one polymer chain are used, arrangement of a 
chemically different ingredient is controllable by the size of a nanometer scale. Although phase 
separation is carried out to the field (micro domain) which consists of each block chain by the 
short distance interaction produced from rebounding between chemically different block chains 
in block copolymer. Each micro domain is made to have and arrange specific order by the 
effect of the long range interactions produced from the block chain carrying out the covalent 
bond mutually, The structure which the micro domain which consists of each block chain 
gathers and makes is called micro phase separation structure. 

[0008]After the film of block copolymer generally develops the solution of block copolymer 
melted into an organic solvent on a suitable substrate, it removes a solvent and is produced. . 
As [ show / to the inside of the film immediately after producing / by literature Hashimoto, 
T.;Koizumi, S.;Hasegawa, H.;lzumitani, T.;Hyde, and ST.;Macromo!ecules 1992 (25) 1433] 
The state where the micro domain became intricate mutually and sponge-like structure is taken 
is often seen. The micro phase separation structure of the shape of this sponge as it is shown 
in literature Sakamoto, N;Hashimoto, and T.;Macromo!ecu!es 1998, 31, and 3815, If it is 
unstable and is put to the temperature more than the glass transition point of block copolymer 
to heat, it will change to other micro phase separation structures easily. 
[0007]After sufficient heat treatment, micro phase separation structure becomes what has very 
high order nature especially, A presentation and atmosphere of a constituent show crystal-like 
structures, such as spherical micellar structure and cylinder structure and lamella structure, as 
indicated by literature Bates, F.S.;Fredrickson, and G.H.;Annu.Res.Phys.Chem.1990 (41) 525. 
If such micro phase separation structure is used, the spacial configuration of the ion 
conduction part in a film is controllable. 

[0008]Although the example of the proton conductive polymer solid electrolyte using block 
copolymer is indicated by JP,8-20704,A, This example is what indicated the combination of 
chemical structure specific as a block chain, and is not what indicated the ion-conductive 
improvement by control of the spacial configuration of an ion conduction part which the 
invention in this application makes the purpose. 

[0009]The example of the solid-electrolyte membrane which, on the other hand, sulfonated the 
styrene unit of the poly (styrene (ethyiene-butylene)-styrene) triblock copolymer which has 
about 50000 number average molecular weight in the Patent Publication Heisei No. 503788 
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[ ten to ] gazette is indicated. This triblock copoiymer is about 30 thru/or a thing in which it 
contains in 35% of the weight, and a polystyrene block forms a micro cylinder-like domain 
about a styrene unit in this example. Since the sulfonic group which bears ion conductivity is 
distributed all over a polystyrene domain, although it is expected that non-conductivity is 
shown, when the cylinders which incorporated water contact, respectively, in this example, it is 
supposed that son conductivity is revealed of the aforementioned cylinder-like structure. 
[0G10]However, in the case of this example, when water content changes, there is no 
guarantee at which contact of the aforementioned cylinders is maintained. According to the 
experiment which followed the example of the above [ this invention people ], and the poly 
(styrene (ethylene-butySene)-styrene) triblock copolymer film of the same kind. The inside of 
this fiftn did not have a clear interface of the micro domain, it is an extended state vacantly, 
and it is having mutually complicated structure and the micro domain was similar to the 
sponge-like structure described previously. When this film was heat-treated at 80 **, the 
structure of the shape of a cylinder which the interface of a micro domain becomes clear and 
consists of polystyrene containing a sulfonic group appeared clearly, and the contact between 
cylinders fell. Membranous ionic conductivity fell with this structural change. This has 
suggested that the ion conduction channel was greatly dependent on an unstable structure 
thermally. Then, stability has been expected more a cheap material in which ion conductivity is 
shown. 
[0011] 

[Problem(s) to be Solved by the InventionjBy [ which control arrangement of the ion conduction 
part in a film in details more ] carrying out, this invention secures an ion conduction channel 
stably, and an object of this invention is to obtain the solid-electrolyte membrane which shows 
the ion conductivity which was excellent even if it used cheap polymer. 
[0012] 

[Means for Solving the Problem]This invention is a film which consists of a polymer segment 
(A) which has (1) ion-conductive ingredient, and a polymer segment (B) which does not have 
an ion-conductive ingredient, (2) It is related with an ion conduction film which carries out the 
feature of that volume ratios of A and B are 30 / 70 - 40/60, that A and B form micro phase 
separation structure in (3) this films, and being made to arrange so that a channel which 
consists of (4) A may penetrate a film. 

[0013]This invention relates to the above-mentioned ion conduction film being the block 
copolymer in which A and B are carrying out the covalent bond. 

[0014Jthis invention - this block copoiymer (C) - and this ~ it being a film which consists of 
a mixture of homopolymer A ! which consists of the same monomer component as A, and, 
Ratios of the sum of volume of A and A' to volume of B are 30 / 70 - 40/60, and it is related 
with the above-mentioned ion conduction film making arrange so that a channel which A and B 



http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web cgi_ejje?atw_u=http%3A%2F%2Fwww4.ip 9/21/2009 



JP,2003-142125,A [DETAILED DESCRIPTION] 



Page 4 of 13 



form micro phase separation structure in this film, and consists of A may penetrate a film. 
[0G15]This invention relates to the above-mentioned ion conduction film, wherein a degree of 
polymerization of this homopolymer A* does not exceed a degree of polymerization of A blocks 
in this block copolymer (C). 

[0016]Thss block copolymer (C) is poly (styrene (ethytene-propylene)-styrene) triblock 
copolymer, and this invention relates to the above-mentioned ion conduction film, wherein 
more than 30 mol % of a styrene unit is sulfonated. 

[0017]Block copolymer which comes to sulfonate more than 30 mol % of a styrene unit of poly 
(styrene (ethylene-propylene)-styrene) triblock copolymer as for this invention, It is related with 
the above-mentioned ion conduction film which consists of a blend of polystyrene in which 
more than 30 mol % of a styrene unit was sulfonated. 

[0018]This invention relates to the above-mentioned ion conduction film which is a solvent 
alternative to a polymer segment which has an ion-conductive ingredient, and is characterized 
by carrying out the cast from a solvent in which the boiling point contains a not less than 80 ** 
solvent as an ingredient. 

[Embodiment of the Inventionjlt is a film which consists of polymer (A) which has at least one 
ion-conductive ingredient, and polymer (B) which does not have an ion-conductive ingredient, 
The polymer for which the volume ratio of A and B was adjusted so that it might become the 
presentation with the micro domain of A and B very near the volume composition (co- 
continuous presentation) or the co-continuous presentation which forms a continuous phase 
mutually is used. 

[0019]ln two-component system block copolymer, it is predicted that a micro domain forms co- 
continuous structure with specific volume composition so that it may be indicated by the 
literature Matsen, M.W.;Bates, and F.S.;Macromoiecules 1996, 29, and 1091. For example, 
literature Khandpur, A.K.;Foerster, S;Bates, F.S.;Ham!ey, I.W.;Ryan, A.J.;Bras, W.;Almdal, 
K.;Mortensen, and K.;Macromo!ecules. the poly (styrene isoprene) currently indicated by 1995, 
28, and 8796 - a jib -- in the lock copolymer, co-continuous structure is observed for the 
volume ratio of polystyrene and polyisoprene in 32 / 68 - 35/65 and 61 / 39 - 64/36. 
[0020]The polymer (A) in which this invention people have at least one ion-conductive 
ingredient, The block copolymer which consists of polymer (B) which does not have an ion- 
conductive ingredient is used, It found out preferably that an ion conduction channel was stably 
securable 30 / 70 - 40/60 which are the co-continuous presentation which showed said volume 
ratio of A and B previously, or the presentation of the circumference of it, and by adjusting to 
34 / 66 - 38/62. 

[0021|Since the continuity of an ion-conductive part is spoiled when the volume composition of 
the polymer A is smaller than the above-mentioned range, the range of the above-mentioned 
volume composition is preferred. If the volume composition of the polymer A is in the above- 
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mentioned range, even if a membranous interna! structure is micro sponge-like domain 
structure, the ion conduction channel which penetrates a film to the structural change by heat 
is more securable for stability. 

[0022]Except the above-mentioned range, if the volume composition of A and B becomes 
close to 50/50 for example, the stratified micro domain structure which consists of the lamellae 
of A and the lamellae of B which were located in a line by turns will be formed in the inside of a 
film, and this layer structure will be especially arranged in parallel to a membrane surface near 
the membranous surface. The structure inside such a film checks the ion conduction channel 
which penetrates a film, and since it is not desirable, the range of the above-mentioned volume 
composition is preferred for it. The micro domain structure of this invention is connected in the 
shape of a network, and, as for the long period of the structure, a 10-100-nm thing is obtained 
preferably. 

[0023]since film-shaped stability is spoiled for A under humidification environment in the case 
of more volume composition than B - the above-mentioned B - a rich presentation is 
preferred. 

f0024]The block copolymer used for this purpose Sodium vinylsulfonate, Al suifone sodium, 2- 
acrylamido-2-methy! propane sulfonic acid, An ion-conductive monomer (MA) like a vinyl 
monomer with sulfonic groups, such as vinylphosphonic acid and vinyibenzene phosphonic 
acid, or a phosphonic acid group, Non-ion-conductive monomers (MB), such as styrene, 2- 
vinylpyridine, stearic acid vinyl, and lauric acid vinyl, by an anionic polymerization method etc. 
It can obtain by the ability to carry out block copolymerization so that the volume ratio of the 
block chain which consists of a block chain which consists of MA, and MB may become the 
range of 30 / 70 - 40/60. 

[0()25]As desirable combination of MA and MB in a block copolymer, there are styrene- 
sulfonic-acid-2-vinylpyridine, 2-acryiamido-2-methyl~propane-sulfonic~acid-acryionitrile, etc., for 
example. 

[0026]By or the block copolymer which consists of a block chain (AO) which can introduce an 
ion-conductive part, and a block chain (B) which does not have an ion-conductive part. The 
method of introducing an ion-conductive part into AO portion of block copolymer later can be 
taken using what has a volume ratio of AO and B in the range of 30 / 70 - 40/60. From the 
ability to obtain comparatively cheaply as block copolymer used for this purpose. Poly (styrene 
(ethylene-propylene)-styrene) triblock copolymer, Triblock copolymer, such as poly (styrene 
(ethylene-butyiene)-styrene) triblock copolymer, poly (styrene butadiene styrene) triblock 
copolymer, and poly (styrene isoprene styrene) triblock copolymer, is preferred. 
[0027]here - poly (styrene (ethylene-propylene)) -- a jib - a lock copolymer and poly (styrene 
butadiene) - a jib - jibs, such as a lock copolymer,, although a lock copolymer can also be 
used for the invention in this application, The direction of triblock copolymer is suitably used 
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from the field of membranous dynamic stability. 

[0028]An ion conduction part is introduced into a specific block chain (AO), and it is presented 
with the above-mentioned block copolymer. For example, a sulfonic group can be selectively 
introduced into a polystyrene block using the method of of literature Carretta, N.;et 
al.;J.Mem.ScL200G, and 168 and 189, 

[0029]A sulfonic group is selectively introduced into a polystyrene block chain by adjusting the 
solution of triblock copolymer and adding acetyl sulfate in this solution as a concrete method. 
According to the above-mentioned literature, quantity (sulfonation rate) to the styrene unit of 
the sulfonic group introduced using this method is made into 15 mol of outlines %, but. 
According to the experiment of this invention people, by bringing the mole ratio to the styrene 
unit of the acetyl sulfate to add dose to 1/1, a sulfonation rate can be carried out beyond about 
30 mol %. 

[0030]Or a sulfonic group can be introduced Into a polystyrene block using the method 
currently indicated by the above-mentioned Patent Publication Heisei No. 503788 [ ten to ] 
gazette. 

[0031]Thus, the block copolymer (C) which consists of polymer (A) which has an ion- 
conductive ingredient, and polymer (B) which does not have an ion-conductive ingredient is 
obtained. Here, the polymer (A') which consists of the same monomer component as A to 
block copolymer (C), and has an ion-conductive ingredient can be added. In this case, if the 
presentation of the polymer which has an ion-conductive part eventually is the above- 
mentioned range, the volume ratio of A and B in the block copolymer before A' addition will not 
be limited to the range of above 30 / 70 - 40/60. 

[0032]here ~ block copolymer - adding - the above - polymer (A) - a degree of 
polymerization - it is large - a case - block copolymer - A - ' - macroscopic - phase 
separation - carrying out - easy - becoming - having added - A -- ' - ion conduction - a 
channel - reservation - not contributing - becoming . 

[0033]the range in which the range of the suitable degree of polymerization of the polymer (A) 
to add does not exceed the degree of polymerization of A blocks in block copolymer - they are 
a 1 -/square with a degree of polymerization of A blocks or a degree of polymerization not more 
than it still more desirably. However, since there is a possibility that A' may deposit in a 
membrane surface when the degree of polymerization of A becomes low, as a degree of 
polymerization of A, a 1 -/square with a degree of polymerization of A blocks or its 
neighborhood is desirable. When using for both sides as C the ABA type triblock copolymer 
which has A blocks here, the degree of polymerization of A blocks means not the sum of the 
degree of polymerization of a block of both sides but the degree of polymerization of each 
block. 

[0034]The method of adding polymer (A) of the degree of polymerization which has the ion- 
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conductive ingredient indicated here, and does not exceed the degree of poiymerization of A 
blocks extends the kind of block copolymer with which the invention in this application can be 
presented. There are polystyrene sulfonate, polyvinyl benzenephosphonic acid, etc. as an 
example of suitable polymer (A 1 ). 

[0035]After dissolving in an organic solvent, on a suitable substrate, the cast of the blend of the 
block copolymer (C) or block copolymer (C) which has an ion conduction part to a specific 
block chain, and a homopolymer (A 1 ) is carried out, and it is produced. As a method of carrying 
out the cast of the solution, the bar coating-machine method, the method of immersing a 
substrate in a solution, the spin cast method, etc. can be used. 

[0G36]The substrate which has the alternative surface to the block chain (A) which has an son- 
conductive part is used for the substrate used for film production. 

[0037]The substrate which has the alternative surface to a block chain (A) here means a small 
thing compared with the interfacial tension of the block chain (B) and substrate with which the 
interfacial tension of A and a substrate does not have an ion-conductive part. For example, to 
the poly (styrene (ethylene-propylene)-styrene) triblock copolymer sulfonated as A, a glass 
substrate etc. are used suitably. When an alternative substrate is used for the block chain (B) 
which does not have an ion-conductive part, and the membrane surface of the side which was 
in contact with the substrate is covered with B ingredient, since ion conductivity is checked, it is 
not desirable. 

[0038]Selection of the organic solvent used for the above-mentioned film production is 
important. For example, when the sulfonated poiy (styrene (ethyiene-propylene)-styrene) 
triblock copolymer is produced on a glass substrate by the bar coating-machine method etc. 
from a tetrahydrofuran (THF) solution, Many defects (crack etc.) arise on a film with 
evaporation of rapid THF to the inside of the atmosphere. A membrane surface carries out 
surface roughening. In using a volatile high solvent like THF for this reason, when drying the 
block copolymer solution which carried out the cast to the substrate, the vapor rate of the 
solvent from a solution is controlled. 

[0039]Control of the vapor rate of a solvent here can be performed by drying this solution in 
this tub using what provided the gas passages leading which can be adjusted, for example to a 
seal tub. The inside of a tub is maintained in general under the saturated vapor of a solvent 
with the solvent which evaporated from the solution, and solvent vapor is slowly discharged 
through gas passages leading. 

[0040]Or instead of a solvent of high volatility like THF, solvents with comparatively low 
volatility, such as N.N-dimethylformamide (DMF), are used suitably. It can mix with volatile 
high solvents, such as THF, and the low solvent of said volatility can be used here. 
[0041 ]the surface of the block copolymer which produced the film from the solution -- usually - 
literature Hasegawa, H.;Hashimoto, and T. ;P it consists of a small block chain of surface 
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tension as indicated by olymer 1992 and 33,475 - It gets wet and a layer is formed on the 
surface of a film. In the atmosphere, to the part where the direction of an ion-conductive part 
does not have ion conductivity, since surface tension is large, the above gets wet, and it is a 
non-ionic conduction layer, and a layer checks an ion conduction channel on the surface of a 
film, and usually produces the effect which is not desirable. However, when using at the cast 
the solution of this block copolymer that used the alternative solvent (S1) as the solvent for the 
block chain (A) which has an ion-conductive part according to the experiment of this invention 
people, it turned out that the effect over an ion conduction channel which is not desirable can 
be inhibited. 

[0042]Here, an alternative solvent (S1) says that S1 is affinity-like [ the direction of A ] to the 
block chain (A) which has an ion-conductive part compared with the block chain (B) which 
does not have an ion conduction part. 

[0Q43]Affinity-iike [ the solvent S1 / the direction of A ] means that the latter increases 
compared with the former, when S1 is removed by evaporation etc. from the film of the solution 
by which the cast was carried out and the quantity of S1 contained all over the micro domain 
which consists of B, and the quantity of S1 contained all over the micro domain which consists 
of A are measured. That is, the solvent S1 is first removed out of the micro domain of B, and, 
finally is removed out of the micro domain of A. 

[0044]The grade of compatibility can be searched for, for example using the difference of the 
solubility parameter of each block chain ingredient and a solvent, and compatibility is so high 
that the absolute value of the difference of a solubility parameter is generally small. Literature 
Brandrup with a publicly known value of a solubility parameter, J.;lmmergut, E.H.;Grulke, E.A. 
;P By olymer Handbook, 4th ed., John Wiley&Sons, New York, 1999, etc. it can know easily. 
[0045]As such S1, alcohols, such as water, methanol, ethanol, 1-butanol, and 1-propanol, 
DMF, N,N-dimethylacetamide (DMAc), N-methyl-2-pyrrolidone (NMP), etc. are mentioned, for 
example. If the solvent of high volatility is used as S1, the effect using an alternative solvent 
will be spoiled by the ion-conductive part (A), and it will become easy to produce a non- 
conductivity ingredient (B) on the surface. For this reason, a volatile low solvent is used 
comparatively. Although it is dependent also on a drying condition in volatility being low, 
according to the experiment which this invention people conducted, as for not less than 80 ** 
of outlines, solvents, such as 1-propanol, DMF, etc. which have the not less than 90 ** boiling 
point desirably, are suitably used in respect of reservation of the ion conduction part in a 
membrane surface here. Such a low volatility solvent is desirable also from a point of the 
defective prevention produced at the time of the film production described previously. 
[0046]S1 does not necessarily mean a single solvent, but can use the mixed solvent of two or 
more solvents here. For example, when carrying out the cast of the blend which added 
polystyrene sulfonate to sulfonation poly (styrene (ethylene-propylene)-styrene) triblock 
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copolymer, the mixed solvent of DMF and aicohois, etc. are used suitably. When using a 
mixed solvent as S1 , it is not necessary to have the not less than 80 ** boiling point which all 
the solvent components described previously, and the boiling point should just be in the range 
of not less than 80 ** about the ingredient (S1V) of most low volatility. At this time, the quantity 
of S1V in S1 is adjusted so that the ratio of weight to polymer in a solution may become 1/99 
or more. 

[0047]When only a solvent (S1) alternative to the block chain (A) which has an ion-conductive 
part is used for a solvent, it is not necessarily easy to dissolve block copolymer (C) uniformly. 
Then, from S1, it is a volatile high solvent, and the solvent S2 which dissolves C can be mixed 
and used. As S2, THF, 1,2-dichloroethane, etc. are mentioned, for example to sulfonation poly 
(styrene (ethylene~propylene)-styrene) triblock copolymer and the blend with the polystyrene 
sulfonate. S2 does not necessarily mean a single solvent, but can use here the mixed solvent 
which consists of two or more solvents. 

[0048]Thus, the film which shows ion conductivity stably is obtained. Ion conductivity is 
measured in the atmosphere of 80% of relative humidity, and 10-4 - 10-1 S/cm are preferred, 
and it is obtained, for example. This film exfoliates from the substrate used for film production, 
and can be used as a solid-electrolyte membrane for fuel cells. Or the gas diffusion electrode 
of a fuel cell can be produced as a substrate, and it can include in a fuel cell. 
[0049] 

[ExamplejAs example 1 block copolymer, the volume ratio of a styrene block (AO) and a block 
(ethylene-propylene) (B) used 26/74 of things (CO) by poly (styrene (ethylene-propylene)- 
styrene) triblock copolymer. In the block copolymer C1 , both the degrees of polymerization of 
the styrene block of both sides were about 130. In order to add to C1 , polystyrene (AO*) of the 
degree of polymerization 15 was used. Mixed stirring of 14.9 ml of acetic anhydrides and 5.6 
ml of the concentrated sulfuric acid was carried out at 0 **, and the acetyl sulfate solution (AS) 
was produced. 

[0050] 10 g of the triblock copolymer C01 was dissolved in 100 ml of 1 ,2-dichSoroethane (DCE), 
and it held al 50 **. Stirring was performed for 3 hours, adding said acetyl sulfate solution AS 
and holding solution temperature at 50 ** so that the mole ratio of acetyl sulfate may be 1/1 in 
this solution (SCO) to the styrene unit in the polymer C. 

[0051 ]10 ml of isopropyl alcohol was poured into solution SCO, and the reaction was stopped. 
Solution SCO was dried at 50 ** and the solid was deposited. After methanol washed said 
solid, it was made to dry, and the sulfonation triblock copolymer C was obtained. 1 g of 
homopolymer AO' was dissolved in DCE3ml, and it held at 50 **. Stirring was performed for 3 
hours, adding said acetyl sulfate solution AS and holding solution temperature at 50 ** so that 
the mole ratio of acetyl sulfate may be 1/1 in this solution (SAO') to the styrene unit of polymer 
AO'. 
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[0052]isopropyl alcohol was poured into solution SAG", and the reaction was stopped. Solution 
SAO 1 was dried at 50 **, and sulfonated polystyrene A' was obtained. When the polystyrene 
block A1 in the polymer C1 and the suifonation rate of homopolymer A' were measured in 
proton NMR, it turned out that 28-moi % and 55-mol% of a sulfonic group is introduced to a 
styrene unit, respectively. The degree of polymerization of sulfonated polystyrene A' is not over 
the degree of polymerization of the suifonation [ it is equal to the degree of polymerization 15 
of prepolyrner AO', and ] polystyrene block A in the suifonation block copolymer C. The degree 
of polymerization of polymer A" had become a value near the 1 -/square (11) of the degree of 
polymerization of A. 

[0053JTHF and methanol were mixed so that it might become the weight ratios 9/1 , and the 
solvent S was produced. The triblock copolymer C and polymer A' were dissolved in said 
solvent S so that the volume which the block chain A and polymer A' occupy in polymer might 
be 30%. Polymer concentration was adjusted here so that it might become 5 % of the weight. 
[0054]The cast of the above-mentioned solution was carried out by the bar coating-machine 
method on the glass substrate, and after drying over one day in the sealing tub which provided 
the vafve, maintaining the inside of a tub at the maximum vapor tension of a solvent, uniform 
and transparent solid electrolyte film F1 was acquired. The thickness of this film was 160 
micrometers. After the internal structure of the film cut down the uitrathin section of the film and 
dyed this section with the osmium tetroxide, it was observed with the Hitachi HF-100FA 
transmission electron microscope (following TEM). 

[0055] In TEM, signs that the domain which consists of A or A' which has a domain which 
consists of B1 which does not have an ion-conductive part, and an ion-conductive part had 
produced micro phase separation were observed. The domain which the domain which 
consists of B makes a matrix and consists of A or A' in it was connected in the shape of a 
network, and forming the domain which pierced through the film and continued was observed. 
[0056]The corniculus X-ray scattering spectrum of the film was measured using the Rigaku 
rotating target type X-ray diffractometerRINT2500 type. The long period of the structure of the 
shape of said network searched for from the peak position of a corniculus X-ray scattering 
spectrum was 31 nm. The membrane surface was observed with the atomic force microscope 
by a digital INSU vine face company (henceforth, AFM). The local surface roughness of the 
film measured by AFM was 4.0 nm of outlines. If the membranous surface is made to contact, 
vibrating an AFM chip near the resonance point, A phase shift arises in whether the surface is 
vitrified and chip vibration of the above [ be / it / rubber-like ] as pointed out by the literature 
Zhong, Q.;lnnis, D.;Kjoller, K.;Elings, V.B.;Surf.Sci.Lett.1993, 290, and L688. By this phase 
shift, the distribution in the membrane surface of A which is in a vitreous state at a room 
temperature, and B in a rubbery state can be investigated. 

[0057]The area occupied by the ingredient (A) with a small phase in the phase image had 
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attained to 47% of the total surface area, The ionic conductivity of the film put the obtained 
solid electrolyte with the stainless steel sheet, and performed it using the alternating-current- 
impedance method which impresses exchange to inter-electrode and measures a resistance 
part, and it calculated and asked for it from the real number impedance section of the call call 
plot. Measurement was performed at 50 **. When the ionic conductivity of film F1 was 
measured in 40% of relative humidity, 80%, and 90% of each atmosphere, they were 3.5x10" 
4 S/cm, 3.5x1 Q" 3 S/cm, and 3.1x10" 2 S/cm, respectively. 

[0058]Heat treatment was performed for two weeks under the atmosphere of the temperature 
of 80 **, and 80% of relative humidity to film F1 of example 2 Example 1 . This film is set to 
FA1. 

[0059]When the long period of film FA1 was measured, it was set to 26 nm, and compared 
with heat treatment before, it was falling for a while. When the interna! structure of this film was 
observed by TEM, the interface of the matrix which consists of B, and the domain which 
consists of A or A' is clear compared with heat treatment before, and it was shown that the 
structure before heat treatment was a nonequilibrium slate. However, the domain which 
consists of A or A' after heat treatment was maintaining network-like structure. The place which 
measured the ionic conductivity of film FA1 in 40% of relative humidity, 60%, and 90% of each 
atmosphere, It is 4.8x1 0~ 4 S/cm, 3.9x1 0" 3 S/cm, and 3.1x10" 2 S/cm, respectively, and it was 
shown that are more than equivalent and the ion conduction channel is maintained stably heat 
treatment before. 

[0060]The uniform and transparent solid electrolyte film F2 was obtained like Example 1 
except having used what mixed THF, methanol, and DMF so that it might be set to weight ratio 
90 / 10/0.1 as the example 3 cast solvent S. The thickness of the film F2 was 160 micrometers. 

[0061]When the internal structure of this film was observed, the domain which consists of A or 
A' distributed at intervals of about 25 nm formed network-like structure. The local surface 
roughness of this film measured by AFM showed about 1.7 nm and good smooth nature. The 
area occupied by the ingredient (A) with a small phase in the AFM phase image reached about 
67% of the total surface area, and improved compared with the case (example 1) where DMF 
is not used. The place which measured the ionic conductivity of this film in 40% of relative 
humidity, 60%, and 90% of each atmosphere, It improved from 1.3x10" 3 S/cm, 7.8x1 0' 3 S/cm, 
7,1x10~ 2 S/cm, and Example 1, respectively, and the effect that ionic conductivity improved was 
seen by adding an alternative solvent (DMF) to low volatility and sulfonated polystyrene. 
[0062]The uniform bright film F3 was obtained like Example 1 except having added A- so that 
the ratio of the example 4 sulfonation polystyrene block A and the sum of the volume which 
sulfonated polystyrene A' occupies to the volume of the poly (ethylene-propylene) block B 
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might be 35/85. Observation of the internal structure of this film observed signs that the 
domain which consists of A or A' which has an ion-conductive part in the matrix which consists 
of 8 which does not have an ion-conductive part had produced micro phase separation. The 
domain which consists of A or A' here was connected in the shape of a network, and formed 
the domain which pierced through the film and continued. The long period of the structure of 
the shape of an above network searched for from the peak position of a cornicuius X-ray 
scattering spectrum was 33 nm. 

[0063]The uniform bright film F4 was obtained like Example 1 to the comparative example 1 
triblock copolymer C except not having added polymer A'. When the internal structure of this 
film was observed by TEM, signs that the domain which consists of A which has an ion- 
conductive part in the matrix which consists of B which does not have an ion-conductive part 
had produced micro phase separation were observed. The area occupied by the ingredient (A) 
with a small phase in the AFM phase image is 42% of the total surface area, and fell compared 
with the case (example 1) where A is added. When the ionic conductivity of the film F4 was 
measured in 40% of relative humidity, 60%, and 90% of each atmosphere, it is 1.7x10" 5 S/cm, 
2.2x1 0~ 4 S/cm, and 2.6x1 0" 3 S/cm, respectively, and remarkable low conductivity was shown as 
compared with Example 1. 

[0064]As comparative example 2 polymer A', the solid electrolyte film F5 was obtained like 
Example 1 except having used the sulfonated polystyrene (A1') of the degree of polymerization 
380. When the inside of the film F5 was observed, the big and rough domain expected to 
consist of polymer A1' is formed in some places, and the same structure as the comparative 
example 1 was observed between big and rough domains. When the ionic conductivity of the 
film F4 was measured, the almost same conductivity as the comparative example 1 was 
shown, and the effect of polymer AT addition was not seen. As comparative example 3 block 
copolymer, by poly (styrene (ethylene-butadiene)-styrene) triblock copolymer. Except that the 
volume ratio of a styrene block (AO) and a block (ethylene-propylene) (B) used 26/74 of things 
(CO), the uniform bright film F6 was obtained like Example 1. When the internal structure of 
this film was observed by TEM, the micro domain was having structure of the shape of a 
mutually complicated network. The area occupied by the ingredient (A) with a small phase in 
the AFM phase image was 42% of the total surface area. Heat treatment was performed for 
two weeks under the atmosphere of the temperature of 80 **, and 80% of relative humidity to 
the fiim F6, and film FA6 was obtained. When the internal structure of this film was observed 
by TEM, the interface of the micro domain became clear, the structure of the shape of a 
cylinder which consists of an A domain containing a sulfonic group appeared clearly, and the 
structure which A domain seen before heat treatment connected mutually was spoiled. 
[0065] 

[Effect of the InventionjThe ion conduction performance and heat-resistant stability can be 
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raised about an ion-conductive film by this invention. 
[Translation done.] 
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